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COLD CATALYST TOR n:Rl..<:KI.L 



bactc<;rot:m> of the tn\t.>jth)n 
This invention relates to luei vtlls. 

A fuel cell Is 41 device fi>r codUnuouNly cimvvTLiiiii diiictiicHl CTicriiy into 
rfhcci cinTCTil dcCLnCil>. Thi: cell consists ol' two ;iliiClT(mic: iromiiicrcv 
cJccrrwlcs scpHTaix:d hy an innic ccmduciins? clccinityix: wii.h pvovisioii tor 
the cominuaus ttiovctticui wI" fuc), oxichm: ami rcaclion produci info and 
out of tlie fdl. The fuid amy he i£:iseo:is or liquid: the ekxiroJyte liquid cm* 
solid: and die axidaa is gaseous. The d^icrrodes nre solid, IjuI may he 
piumis and contain a cataly^i. [\\t\ cells differ from baueries in ih;ii 
i:leclricity ij; [)roduced trorn ciieinical meis fed co che:n as needed. 

Fuel cell Lcclinolagy hus Uiyacd behind L}niL td lire dcvdopnicnl of hoi 
combustion encine.s, yoti promisi'A ro be ;i conrimdcr in ihc Nphi^ra of small 
scale power cenerarion. There are several reasons for diis. For example, 
fuel cells can be hiiierenilv zero-emissjoii jvvvver fi(^ur;;es and taeie arc y, 
wide variety o: potenihl nieLs and oxKlams r.vail-^hkt h 
j'udl cell ili'w'cn vehicle Js ^UiLioiiary. no fuel is used. PiDbjems iicniiiin: 
ilic viability oMiTel cells are preseiu. l-or example, a saleable Tiiel musi h:^ 
HVHilHblc Hi H CvimpcLiiivc price, Furiher. h suila])lc htkI com cl'Uicnve 
catalyyL is ^ull unavailable . Bast* mcuils hiivi- bo:iu iricd ji> i"iUdysts but 
degradation of the c<irJiJyst often ocaus. Pjarlnvnii j;ronp metals liave a:!v'> 
been ustd. Inn suffickntly hijih activitv at low londinji bus not yer been 
achieved. 
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SlIVIM AKV OK rill'. INVKN I fON 

A cc:<>rd 1*7113 "irsl :ispccL 11 1' (tiL^ invL^nrion mere \^ provided <'i Jud a:l] 
coiiipri&ins two cjccrrcxk:s .vcpanitcd by an eieccrolyte J'oi Luntvcrsikni of a 
fatl and an oxidaiir ro a i-eacrion pn^diici which Tiisl cell is i:hnnict^r]sed iii 
iJiat Che electrode or eJeccrodes include a Ciuilysi i:<mipri.>int: an oxide 
support having aold caprured tiiereon in caialvUc-jiUy ciTcciivc fonr^ and in 
\h3ti the lUei is^ methanol or nietliane. 

Accaidins 10 i\ ^ccom] a^pccl 01 <h!^ invention mere is ])rovided a c:ii;ilysr 
coinpriiiijig an oxide support havaig gold ca[>airc;cl i.hc:ra>r: in c:;iiHjyiically 
ciTcciivc form, for use in a fiiel cell cotnpnsiiiii ivvo L-lcci.n.Hlc? seoaraitetl 
by ail elecirolyre. tbi conversioji of a fLiel f;elect:id ircnn mcthiinoJ or 
incihaTio. at^d m oxidaiii. to a reaclioii product. 

Accojding to a third aspect of tlie invention tiiere Is. provided a incihod oi' 
uxidjMjig Hicthanol or meliiane as t kvcl loi- a J"i2£:l cc): which hs 
iihar.'icicrifjcd in Ihit. the oxidation lakc< pluCL^ \v. \hc prcsirn::^ of cmlys.i 
umiprising an oxide support havi]io gold cjipLurcd ihcrum in ::MrcilycicaJJy 
criccLivc IbriTi. 



RRiKK i)ii:sc:Ryp-rTO\j or tttt?. n^^Axv1r^^ns 

Fi^un^it lA 4niJ ]]( arc graphs oi* iiicUi^inc i:.xiu'dL'K)n :ii Vririouj: 
icmpcrmurcs. wiih Pij^ujx; IB illusinuinii die resiilcs 
of ;) rttnent test: 
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Figures 2 A and 2 n arc LTuphs iM' iTiciliiin;: cix;idrirkui ac ^aricjus 

oJ' n rcpcar Test oi the cairilyst K5Gk and 
Hgurc 3 is a gr:iph coinparinii acLivitv of a umjilysi of die 

i]ivC3iLii>!i L\m»pavcd ii> llic n;;iivil.y lu d DJatiimm 
Lftliily.si. forTncLh^inol rclormjjiioji 



JiLSCRIPTlON OK OmODIMKM S 

Kx-iTTipjcs III prolerred gold k'jscci cwljilysis useful in Inei cells aie tho^c 
disclosed in United .StJin^s Patcun 5.759,949. BP 078962 1 ;mJ 
WO 97/45192, which arc incorporated herein by reference.. 

Ojie prefcrted form of tlie gold-based cauivivC comprises an oxidi: .support, 
prcferahly a mixture of cerium tana /.ira>nium oxide, a crausiLioTi metal 
oxide, im^fcmbly d.^b^jJi o>;i<lc. tr.i which ihc j;c>ld h c'Dinplcxed and 
optionrdly ai!;o containinj: an oxide of licarauni or aioiyboenuni, 

TJie oxide suppoiT is preferr^bly preseuc i:i die e^taly5r Jii aji aj:uni:ii oi' ni 
(east 50% by mas;s of flu: eat^ilysr. ;intl L^t'-nerally <a k^ast 60% by n^a?:.s of 
Lhe cacaJysL The ceriuii) oxide v/iil generally coasrimte a: ieasi by 
iTiasN vi the cnixluri: oi' zirCatiiuiii oxidu and Cerium oxid::. i lic preferred 
mass ratio of cerium o.xiilc Ijo ziivonium oxiJc i.s in ihc rsmgv 5:1 to 2:1. 
[jpically nhout 3:1. 

l he cacalysi contains cold ja critaiyiically effective fonr.. This jorin wi!' 
vary ftcuirdinu die luuare of iJie c^iLHjyst. 
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'riic conccninilion of the gold wijj gencnjllv be low. i.o 2% or ]cs?i hv 
mass of the aitnJysr. 

Afi ir^dicited anove, Uic uiMily^i piefen^-^iv nlso coixai:is a ininsiLioii metaJ 
i[i i>xui;i liMici, cxHinpics bcin^i fcm.. oxide, oj' nreferabiy cohnlr oxide. 

Fuels >^'lijch hijve been foiuid to Ijc parijcukrly cJToclivc and useful m ihc 
practice of iJie hivetuion arc mcllKiiie ami inecnawoh 

'Dk: 5»oUl bfl.sal £:«i;jly.vi hiis :ippiJcado:i \':)v bcxh dcLtroubenucal and 
chsmkiil oxidation reactions taking pl;ici: in n fuel cell. 

Alt example of a faeJ cell in wlii::h ii iToki -based catalyst imy ha unci] is 
i.hac which mvolve^; the lolal or p<injaj oxidation of niediatic as Ihj fuel. 

iibihty tjf a mnnbi:r oi' jzold-bastKl catalysts of rhe ij'pe dcficiibcd \a 
\V(.) 97/451^2 were it'sJud in the oxidation of methane. Tfie compositions 
whi<;b were useti Jire <dT our in Table 1 . 

'J'flble li ComposhionA- nf (he vm<il.v.vts tested for total ineLhiinf 
oxidation 
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llie tescs wej-c coiidaclod v^'iib 0,25 ^V. tne^hane (sec Figure 1). and 2..s:?. 
methane (sec Myurc 2 l wilb ibc balance The hourry space vclndiy •>r 
file g;ss Tnixiiiri: was :2 "DOOh" . 
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Samples Kl and K2 were rested m Q:i5% rnecltaiiL;, l^nlnucc ;ijr. lo 

and the iiimiplcs K5(2) and .KJ)f3) were tested al (iOOT. Atkr c^idi icy. 

llto samples were cooiecl ia air to room icmpcrailuic and rc <csicd. 

U w.*5 fouiKl that sample R5(3} gave the bi£h(isi.TncihnnL' txtinvrsioii and b 
sLiiblc aL a Lcttifjci-iiluic of 6Q0^C. 

S:iinpicf: Kl, K5C2) ^iid KSij) visre a.Lsii Lisslcd hi 2,51 methane, 
bjilancc air, U)6()()=*(:. 

Sample ^5(3*) was cooled from <iOfl-''C in ;ijr ir.i roojri feinperaluic iind vl--. 
tested in Ihc uMciiun mixrurc: \o (idOT lo cvalnalc caailysl iiabiliiy -n l.hc 
higher coiiceniration of methane wst sa^s. 

Il louTid liiai. Lhc caliily.sL j>crri»n[it:d well in l.hc higher concentration of 
medxiioe anci showeci fs^od durnbilliy. 

The gold-based catalyst may aiso be uiicd in u direct methanol ftiel cell. 
Merlianol is considei*ed as -i fi:el of choice because ci its compaiiljjliLy wiih 
cxLsLiiig dii^.l! ibuLicni netvvorU. Tlie resiills ol' LeMiiiL> uarriud ouL 'sho^v riiiii 
the gold hissed caUlk.ci i^; very ncdvc lor nicihancil oxidnrion ac JOVt- 
tcmpeniuirc. Thi^i is ol' Nij^TijlKunuc ms .m in«ijor linu:ation of die 
conunercialisaiioii of metbanoi fiid cell lias been rhe .acx nf cacaJysi lor 
methanol oxidation at temperatures lower than lOO^C. 

Various L'okl-based i::j|ji]y.sls of LliC lype di.scU\<.iid in VVO 97/4? 15>2 wtvt 
icstL-d ill tliiiiT ahilily ti: jaliilyhe ihi: oxidiiliiKi mclhaiiol. The catalysis 
K2 and K5(2) were* ictJied For jnci]j;jncl i,>xjdaii(n\ 
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Sainplc K2 whs iiv;iliiaicc3 in i\ ri:?icrion lyiixmrn containing 6,5% lUeiliiuKil, 
balance air, whilst sample K5i2) was lesied jn mixiut^s containing 6,5% 
imd 1 1 % metimnol. balance air. 

Experimo-its I jmtl 2 were perf'omied by pumpiMg the required amoiinc k>\' 
liquid mediajiiol ijno n vnporiscr In experiments 3. a Inibbler was uscis lo 
iiuroduce methanol as diis method proved to ,aive more cojisl^cent fnui 
luMnogeiiefm reactant inixaues under (iie otjciALinc amdiiJons. "IV 
opL-raiini* condilkms under v^hicii cuch b-iunplc wa-^ Icsuxi i;> Drcsunrsd in 
ihe results . Reactsint and product nnaiyses were obtdned vshxg cas 
chronmosraphy. 

RKS'LLTS 

For experiment 1 and 2 ilqiiid methanoi at die appropriate pun^p rate was 
fud iTiio fiie vijporisci 
of the reaction, 

E-vpg-hiicnt 1 

Sample: 

RcucUJtiL u)inpi>.siLic>Ti 
Space Velocity: 
riowA^tc: 
Sample Mass: 



The sijrnpfcs wen: uH>icil ix) ^{PC prit^r in Ihi: suiri 



20 0001V' 

200ml/m!n 

0,6^ 



BEST AVAILABLE COPY 



Printed from Mimosa 03/06/02 14:46:54 Page: 8 



wo 0W13791 



PCT^B^9/01495 



Table!: AcfHiy of Siimple K2 fur mctbiuiol oxulallon iis a 



Tciup^u-aturv 
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Expctimrnr 2 



Siimpk: 

Reaccam composition: 
S]y,iCC VcK>ci'ty: 
FlowrHru: 
SuQiplc Mujis: 



K5(2) 

6.5% ClijOIL l>aJaix.c air 
62 600h ' 

:n:3mi/miii 



TiibJe 2: Attiviiy of Siiinple K5(2) for methuiinl gxidalioD a 
function of temperature 
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Kji- cxfHjrhneiJl 3 tiie samples were cooled (0 rooi!i ceinperaiuii: |)ric?r io 
slurhug lite )c:ii:Li()n. McLhiuiol >vii.-> uiliodaced al mam IcTTincniLwc by 
bubbling ^vr rbrousjh ih;; liquid mcilujiiol bubbler. 
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.Sample: K5{2) 

kciiclioi co[npo.silii>3i: ] i % CILOII, balcmce iiir 

Flowrarc: 96inl/niiii 
Sample Mass: 0>lg 

TybJeJ: Aclivity uf Sample K5(2) for iiicthanol oxirlafUm as a 
fiHiciioii of teiript^naure 
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Tlie activity of ?i sold cataly.u of \hc mvcmon lor iTiCi.h?m(i| refoijuatioji 
s^'Hi. cmnpiircil In Lhfii 0I*h pl;iiinmn c<ifalyst ajad wui? shown to be .sU{>t:ri()r, 
i\s: is indscicd in Fijiuic 3- 



'''' '^^'L^'^> . ao,y 
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CLAIMS 



'Opy 



3 



4 



5 



A fLiel cell comprising two elecrrocles ^epanited by au eiectrolyic for 
convcfMon of a fiiel and an oxidant co a reaccjon product is 
charjjcrLrfeed in Lha.1 tJ:c el&ctrode or electrodes include a CAiiilysi 
coniprismg a.T3 oxide iuppori ]}avLi)i« gold capluicd liicrcoii in 
caralyticiiUy elfeciivc Ibnii, and in llui ilic Ricl is rJii'Oiunol or 
]]iethaiie. 

A fuel i;ell tccutxhwt Li> cla.Tm I wherein Lhe catalyst compri.^es hu 
uxidc yiippon beiiis a uiixlurc ijCxin'Ociimn oxide and ceriuici uxidc 
liiiving captured ihcrcon szoJU hi cm'ulyiiailjy cITccLivtr Ibmi. ihc 
oxide suppofc beinj: present in the wnnly^r in ?m firnounf ol' nr least 
by tnaiis of thecatalyisr. 

A fuel cell iiucordinij lo cJaiiii 2 wlierehi tlie oxide siipporc is picscul 
in tiic curalysl hi aci airuMini cjl'ai Ic^lsl 60% l\v masi of lIjc catalyst. 

A lucl cell <ice<.>nli!)L? u; L'laini 2 %ir clHiin '.\ therein Che cerium iixidc 
constitutes leasr 50% by mass ol* Ibc inixJurL- ol zirconiu:]! oxiJu 
and cerium oxide. 

A tiicl cell accord hig to any one of claims 2 to 4 wherein die mas.s 
ratio ui' cerium oxide (o /creiKinjni nxide is in the raii^e 5:1 to 2:1. 

A fuel coll accor<lin2 to any one of cUiims I m .i wherein the c;ir«Iy.vr 
also ccniLdhis i iraasicion Jiietal in oxide form. 
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7 f\ f'ud cell ;j::u()rdini?. u> ubiiii 6 vvljcrdri iti:: JrmKiiion niOtilJ f^xkle i? 
sdecci'd f rom wb«ill.oxjclc am I'citjc oxid:;. 

S A i'ud cell according lo clAini 7 wbcrdii Ui:; tiold i.s ussOTulcd with 
the trnnsition t¥ic'.:i] oxkb. 

9 A fuel cdJ according lo my oinf of cliiinis 1 lo 8 wli<;rein the cacalyM 
tiichides an oxi<J<? of tifaninm or njolylyieniim. 

10 A cMlMlysi ct-yrtipTisinj an oxide AUppon Imving gold c:apuiral thereon 
in caCcdyuu<i)ly cflbLiivc llinn Ibr use in ;i fuel cdl conaprisjiiijz two 
electrodes separatea by an electrolyte for conversion of a ftieJ 
bClecred from inetlifinoJ or mecuarje. and ?in oxidant to a re^ncnon 
[jroducl. 

11 A c;ii«h'sl accordine co claim lU wherein die caialysi cnmprj.<.c.s ah 
oxide .support bcinii a uiLxiurc of yaruiKiium uxide mid cLTiuni o^Nide 
li^U'iii^ t:;ipniTa: dicrci'iii g:i>id in cuuilyiically elTecnvc iV^mi, Lhc 
oxioc sirppo)"! bciinij pi\:scnl in ihc c;un]ys'. iii ?.u <iiTi<M3ni ni" ?:i lens: 
50% hy mass of lhc c<ji:4ly>j. 

12 A caialy^i according to claim II \i^ierein the oxide support Is piuscnl 
in the c^inlvfjt in an ajnoujit of at lea.si 60% hy niajis of the cataly^f. 

11) A caiidyst according lo claim 11 or ciaiiii 12 wjicrcii) Uic cerium 
oxide couMituces ac least 50 Si by nxass of the mixture of zir::(>njum 
oxide nnd ccriutn uxidu. 
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II 

H A cntalyst acrordijLi<: ro any oiie of claims U n> 13 wliej ciii lliu- nii\s^ 
ratio of cerium oxide co zircojMujn oxkle is hi die range 5: 1 Ui 2: 1 . 

15 A camlysL ai:u>rding Co any uuo lU" chmi):i 1 0 •.(> 14- whcrcili the 
catalyst iil.so contains rransiiion meral in oxide form. 

I r> A c/italyj?c according to claitn 1.5 whctiiiJt lh£ Iramiijon mcUil oxide is 
»c]ct:1cd Ihirn cob;j]l uxidc HnJ Icrric nxidc. 

17 A c:jif?ilysi ui:couiin!» lo cEnirn i6 whermn rhrt gold is Jiss:.tciared wtli 
the t[-ansirion ntetai oxide. 

IK A ciilalysL according Lo any one of cljiims ]() lo 17 vvlicrcin i.hc 
caLulysL iiL::]uiI;:H itti axidc ihsiniuTn or nio1y]>clejiinii. 

19 A nuthod iif (uidising mc(h:inol or i"ncili;tnc hs ^ ri:cl for a iucl ccJJ 
is cliaractcriscc! in ibai Ihc oxj<foi'Kin i^kc^^ place in Ujc prub'ciicc of » 
catalyse conipri5ina an cxjcle j>upj)an heaving 2oLcJ cnpiured thereon in 
ca(alylically effective form. 

20 A mcthiHl accnrdinir \n cU\\m \9 wbcrciTi (hu c;iLaly5.L comprises iw 
oxide support bciiiu. a uiixLurc o\' /.irL-OTMLitn <>xidc mid ucriujii oxidv 
kjviiiL! tapUircxJ ihvTCun gold in caialyiiuully cDl'ciivc: Cora, die 
oxide siippon lieina prtjsenr in the catalyst in an <jm<>iint of nr least 
.^0% by mass of the catalyst. 

21 A method iivfoidirij?. <o clairi 20 whcjcifi die oxidi: sui.nnm is present 
in the catalyst in an «iiPOuni of at lciit>i 60% by uiiLss of Jk' LaUdyb'l 
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23 



24 



25 



A modicx) accordiniT lo cliiim 20 oj- ciaiin 21 (lie caiuni 

oxid<i^ coiistiuifes ar Jeast 50% hy jisa^s of (lie mi,\<urc of zirconium 
oxide 2iixi cerium oxide. 

A niCLluKi iiccordiii|« \o my one of claiini; 20 co 22 whsreiii ihc itulss 
ratio of cerium oxide (o zirconium oxjde is in ijic ranijc lo 2:1. 

A cnerhfKl accordioc m any tmc c^f cl?icms 19 ro 2i^ wherein the 
cttLalysL aL^o coTilains « iTnnsition mem! in oxldo fonn. 

A incLlud uccorditi^ ii; cUiiin 24 wherein llie iransition :netal otitic is 
se1ecte<i ftxmi w>b<ilr oxide and ferric oxide. 

A inechod according to claiiTi 25 wJicrcin the uxAd \s asxociHTcd with 
Che (ramition niet3l Cjxido. 

A ni;i(hod accorditiL' iv my one nf cijiim.'i 1 0 rf> 2rV wherein tlie 
cHliflyjii mdudcs an oxide of liuuiium or molybdenum. 
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